CHAPTER 6. STEEL SHORI NG SYSTEMS

6-1.01 Introduction

As used in this manual, the term "steel shoring systent

descri bes fal sework consisting of individual conponents which
may be assenbled and erected in place to form a series of
internally-braced steel towers of any desired height. The
tower legs, either directly or through a cap system support
the main |oad-carrying nenbers.

From a design standpoint, shoring "towers" are indetermnate
space frames; consequently, they cannot be analyzed by the
general fornulas applicable to statically determ nate franed
structures. Instead, determining the ability of steel shoring
to safely carry a given |load involves the use of enpirica
criteria developed from a consideration of the effect of such
factors as tower height, differential |eg |oading, sidesway
and nmet hod of external support.

Depending on | oad-carrying capacity, steel shoring systens are
classified as pipe-frane systens, internediate strength
systems and heavy-duty systens. This chapter discusses the
criteria and procedures to be followed when review ng steel
shoring systens for conpliance with the fal sework specifi-

cati ons.

6-1.02 Safe Wrking Loads

Steel shoring is a "manufactured assenbly” wthin the meaning
of this termas it is used in the specifications. Therefore
the maximum |oad to be carried-nmay not exceed the safe

wor ki ng | oad recommended by the nmanufacturer for any given

| oadi ng condition.

Safe working loads for all shoring systens now in use have
been determned enpirically from full-scale load tests. In
all cases of record, nmaxi mum values were obtained during tests
in which the legs of the test tower were |oaded uniformly and
concentrically, the tower was supported on a concrete pad to
ensure an unyielding foundation, and the top of the tower was
externally braced to prevent appreciable |ateral novenent.
Results of tests in which the towers were |oaded eccentrically
and/or |ateral novenent was allowed indicate a substantia

reduction in capacity.

Shoring capacity as shown in catal ogs or brochures published
by the manufacturer should be considered as the naxi num | oad
which the shoring is able to safely support under ideal

| oadi ng conditions. These nmaxi num val ues should be reduced
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for adverse |oading conditions often encountered in bridge
fal sework. For exanple, horizontal |oads, eccentricity due
to unbal anced spans or pouring sequence, and uneven foundation
settlenent are but a few of the |oading conditions typical of
bridge falsework which differ from the |oading conditions upon
which the nmanufacturer's ratings are based.

Finally, the maxinum allowable safe working |oad as recom
nmended by the manufacturer is based on the use of new
material, or used material in good condition. If shoring
conponents are not in good condition, the nmaxi num all owabl e
working |l oad nust be reduced by the contractor in accordance
with contract requirenents.

6-1-03 Pipe-Frane Shoring Systens

As the nanme inplies, the various conponents which rmake up a
pi pe-frame shoring system are fabricated from sections of
steel pipe of various dianmeters. The basic unit is the base
franme, which consists of two vertical nenbers; or legs; and
connecting braces welded together to nake a single, rigid
unit.

Base frames, which are six feet in height, are erected in
pairs and fastened together wth pin-connected diagonal
braces. Pairs of braced base franes are stacked one above the
other to form the falsework towers. Typically, the towers are
four feet wide (which is the width of a base franme) and eight

feet 1ong.

Two types of base franes are in general use. These are the

| adder type and the cross-braced type. In the |adder type,
franme rigidity is provided by horizontal struts between the

vertical legs, whereas in the cross-braced type rigidity is
enhanced by diagonal cross-bracing between the |egs.

Extension frames are used with cross-braced base frames to
extend the height of the tower, in one-foot adjustnments, up to
five feet. Extension frames, which are the same width as the
base franes, may be used at either the top or the bottom of a
tower. Mnor height adjustnents are acconplished with screw
jack extensions at the top and bottom of each tower |eg.

The height of |adder-type frames is adjusted in 4-inch incre-
nments up to five feet by nmeans of a single-post extension
staff at the top of each tower leg. Screw jacks are used at
the bottom of the base frames for mnor adjustnents.
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Pipe dianmeter is the sane for both types, Typically, 2.375-
inch pipe is used for the base franes and 1.90-inch pipe for

extension franmes and staffs.

6-1.03A Al lowable Loads for Cross-Braced Franes

The | oad-carrying capacity of shoring constructed of cross-
braced franes is ?overned by the strength of the frame |egs.
Wien | oaded, the [egs act as short, pin-connected col ums
havi ng an unsupported | ength equal to the height of the frame
plus the height of the screw jack.

The maxi mum al | owabl e Ioad_Per leg for pipe-frane shoring
(cross-braced type) is limted by the height of the extension
frame and the type of screw jack (swivel or fixed head) used
at the top of the frame. |f sw vel-head screw jacks are
used, maxinum al |l owable |eg | oads are as shown In the
followi ng tabulation:

Maxi mum Al | owabl e Leg Load in Pounds

Extension frame height 2' 0" 3’0" 4' 0" 5' 0"
Screw height 12" or |ess 11000 11000 10000 9400
Screw hei ght exceeds 12" 8200 8200 8000 7800

| f fixed-head screw jacks are used at the top of the extension
frane, the allowable |oad per leg will be 11,000 pounds for
all extension frame he|qhts up to five feet for screw jack
hei ght of 12 inches or less. No increase wll be permtted

in the tabul ated val ues when screMI%apk hei ght exceeds
12 inches, regardless of the type of jack used.

Extension franmes nust be braced. Side cross-braces are
required for extension heights up to 2°'0'. Both side and end
cross-braces are required for 3'0" to 5 0" extension heights.

The all owabl e design |oads are valid only if the materials
are in good condition, and only if the shoring is properly
braced and erected in accordance with the nmanufacturer's
recommendations and the criteria set forth in Section
6-1.03C, Analysis of Pipe-Frane Shoring Systens.

6-1.03B Allowable Loads for Ladder-Type Franes

The | oad-carrying capacity of shoring constructed of |adder-
type frames may be governed by the height of the tower or, if
used, by the height of the extension staff.
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Because of its substantially |ower |oad-carrying capacity,
shoring constructed with |adder-type franes is not practica
for use as bridge falsework, If it should be encountered, the
maxi mum al |l onabl e design load will be limted by Division of
Structures policy to the follow ng values, regardless of any
conflicting information which nmay be found in manufacturer's
catal ogs or brochures:

If the shoring system consists of a single tier of braced
base frames, leg |oads shall not exceed 10,000 pounds.

If the shoring system consists of two or three tiers of
base frames, leg |loads shall not exceed 7,500 pounds.

If an extension staff is used, the nmaxi num allowable |eg
| oad shall be reduced to 6,000 pounds.

Maxi mum al l owabl e leg | oads as set forth above wll apply when
fi xed-head screw jacks are used, or when sw vel-head jacks are
used at either the top or the bottom of the tower. Screw jack
extension is limted to 12 inches. The use of swi vel-head
screw jacks at both-top and bottom of |adder-type frames is

not permtted.

For any conbination of base frames or base frames with staff
extension, the total height of the shoring shall not exceed
20 feet overall, including screw jack extensions.

6-1.03C Analysis of Pipe-Frane Shoring Systens

The use of pipe-frame shoring as bridge fal sework nust conform
to the criteria set forth in this section. Review procedure
is as follows:

1. Investigate Tower Leg Loads

Tower leg |oads should not exceed the limting val ues
under any loading condition or sequence. As previously
noted, these values are based on the use of new material,

or material in good used condition

The maxi mum | oad on one leg of a frame should not exceed
four tines the load on the other |eg under any given
| oadi ng condition or sequence.

The maxi mum | oad on one of the two frames naking up a
tower should not exceed four times the |oad on the
opposite frane under any given |oading condition or
sequence.
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2. Determ ne Suppl enmental Bracing Requirenents *

In the transverse direction (the direction parallel to
the frane) no supplenental bracing is required for tower.
hei ghts of 20 feet or less. For heights exceeding 20
feet, the individual towers making up the shoring system
cannot resist the conbined effect of both vertical and
hori zontal |oads w thout overstressing the tower com
?onents unl ess suppl emental bracing is provided. There-
ore, when the shoring height reaches four franes,
including an extension frame if used, one horizonta
brace and one diagonal brace nust be attached to each
tower face, for everY three frames of shoring height.
The | owest horizontal brace should be | ocated near the
top of the third tower frane, and any additional hori-
zontal braces spaced no farther than three franmes apart.
The di agonal braces shoul d be | ocated on opposite tower
faces, and should run in opposite directions.

When sugerelevation exceeds six percent, a transverse
brace shall be attached to one tower face of the top
frame. This brace shall be in addition to bracing
required by the preceding paragraph

In the longitudinal direction, no bracing is required
when shoring height is less than six frames. Wen
shoring height is six frames or nore, a horizontal brace
Is required on one face of each tower, with the | onest
brace | ocated no higher than the fourth franme and any
addi tional braces spaced no farther than four franes

apart.

Suppl ement al bracing, when required by the criteria set
forth herein, nust be shown on the fal sework draw ngs.
Design details, Including the method and exact |ocation
of the connecting devices, nust be in accordance with the
manuf acturer's recomendati ons.

3. lnvestigate System Stability

When continuous caps or joists are used, pipe-frane
shoring will be considered as capable of resisting al
hori zontal forces, including wnd, provided the shoring

* Suppl emental bracing requirenments apply only to pipe-frame
shoring systens with cross-braced base franmes because, as
previously noted, the height of shoring constructed wth
| adder-type franes is limted to 20 feet.
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is property braced in accordance with the criteria set
forth in the preceding paragraphs, and provided the
shoring system is stable against overturning. As used
herein, the term "shoring systeni neans the full w dth of
the properly-braced falsework supporting continuous caps

or joists.

If the height-to-width ratio of the shoring system as
defined above, is 1.0 or less, the system will be con-
sidered as stable against overturning and further
analysis will not be required.

If the height-to-width exceeds 1.0, overturning stability
should be investigated. For analysis, the resisting
nmonent will be assunmed as acting about the downw nd edge
of the system |If the resisting nmonment of the system
exceeds the overturning nonent, the falsework is stable
agai nst overturning. If the resisting nonent is |ess
than the overturning nonent, the difference nust be
resisted by cable guys or other neans of external

support. (See Section 5-1.05, Overturning.)

4. Investigate Foundation Support

The specifications do not include any express provisions
governing the design of foundations for pipe-frame
shoring; however, the nmethod of foundation support is
part of the falsewrk design and should receive the sanme
consideration as the foundation for a conventional

fal sework system

6-1.04 Internediate Strength Shoring

Steel shoring consisting of cross-braced tubular menbers

capable of carrying 25 kips per tower leg with a 2-1/2 to 1
safety factor is marketed comrercially as "WACO SHORE 'X 25K"

vertical shoring.

This shoring system has had only limted use in California.
In concept and design it is simlar to the cross-braced pipe-
frame shoring system described in the preceding section; how
ever the individual conponents are |arger.

The use of the Shore "X' 25-kip system will be governed by the
following conditions and limtations:

1 . The maximum | oad carrying capacity of 25 kips per leg

is based on the use of fixed head screw jacks at the
top and bottom of the towers. If swvel-head screw
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jacks are used at either the top or bottom of the
tower, the nmaxi mum | oad nmust be reduced to 20 kips
per tower |eg.

2. Maxi mum screwjack adjustnent nay not exceed 14
i nches.

3. Extension franes nust be braced. Side cross-braces
are required for all extension-frane heights. In
addition, end cross-braces (braces across the face of
the extension franme) are required for extension frane
hei ghts of 3' 0" or nore.

4, The maxi mum |l oad on one leg of a frame, or on one
frame of a tower, should not exceed four tines the
load on the opposite leg or frame under any given
| oadi ng condition or sequence.

5. Wen tower height reaches four franes, including an
extension frame if used, supplenental bracing nust
be provided in accordance Wwith the criteria in
Section 6-1.03C. Anal ysis of Pipe-Frane Shoring
Systens, except that no supplenental bracing wll be
required in the longitudinal direction.

6. Wien investigating systemstability, follow the
procedure in Section 6-1.3C, Analysis of Pipe-Frane
Shoring Systens.

The use of WACO 25-kip shoring, when designed and erected in
conformance with the criteria set forth above, is authorized
for tower heights up to 37'-4", which is five franmes plus a
ful l y-extended extension frame plus the maxi mum al |l owabl e
screwjack adjustnment. For any proposed use exceeding this
limting height, the contractor nust furnish a statenent
signed by the shoring manufacturer covering the specific
installation. The statenent nust expressh¥ provide that the
shoring will carry the loads to be inposed w thout over-
stressing any shoring conponent or reducing the required
safety factor. Note that the statenent is a condition of
approval of the falsework design. If the contractor cannot or
does not furnish the statenent, the fal sework draw ngs will

not be approved.

The method of foundation-support is relatively nore inportant

for intermedi ate strength shoring than for pipe-franme shoring

because the leg |oads are considerably higher. Accordingly,

t he foundati on design should be scrutinized to ensure that the
vertical loads are uniformy distributed and differential

settlenments are mnimzed.
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6-1.05 Heavy-Duty Shoring Systens

Heavy-duty shoring is capable of carrying up to 100 kips per
tower leg. Two systens are in general use in California.
These are the WACO and PAFCO Shoring Systens, both of which
are designed and manufactured to carry a 100-kip leg load with
a 2-1/2 to 1 safety factor.

The criteria for review of heavy-duty steel shoring, as set
forth in this nmanual, were devel oped by the D vision of
Structures from a subjective evaluation of nmanufacturer's
published test data together with an analysis of mathenatical
nodel s of both the WACO and PAFCO towers. Accordingly, the
criteria will apply only to the WACO and PAFCO Systens.
Shoul d sonme other type of heavy-duty shoring be proposed for
use, the engineer should consult with bridge Headquarters for
the review procedure to be followed.

Review of the falsework design to verify contract conpliance
will be based on the criteria in the follow ng section, except
that designs based on alternative criteria nay be approved
provided the contractor furnishes a witten statenment from the
shoring manufacturer coveting said alternative criteria. The
statement nmust refer to the specific project on which the
alternative criteria will apply, nust set forth the conditions
under which the particular alternative criteria my be fol-

| owned, and nust expressly provide that a design based on the
alternative criteria will not overstress any shoring conmponent
nor reduce the required safety factor.

Finally, when review ng heavy-duty shoring designs, keep in
mnd that the criteria set forth in the followi ng section are
based on the assunmed use of a propriatory shoring system
which, during its lifetime, has not been altered or nodified
in any way. This is an inportant point, because both WACO and
PAFCO shoring in which conponents have been nodified to fit a
particular job situation is known to exist. Such nodified
shoring, if used on a California contract, would have been
covered by a manufacturer's statenment certifying the nodifi-
cation and use. Once nodified, however, any subsequent use
nmust be covered by a new statenment certifying that the

nodi fied shoring will carry the actual |oads to be inposed

wi t hout overstressing any tower conponent or reducing the
required safety factor.

6-1. A Review Citeria

If tower legs, including an extension unit if used, are
utilized as single-post shores braced in one direction only,
the shores should be analyzed as individual steel colunmms.
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Since the unsupported colum length will be the total height
of the shore, nmeasured from bottom of base plate to cap, the
conputed allowable |oad (based on the colum fornula) may be
substantially less than the safe working |oad recomended by
t he manufacturer,

If the total height of the shoring does not exceed the height
of a single tower unit, including an extension unit if used,
and if both the base and extension units are fully braced in
both directions in accordance with the manufacturer's
reconmmendati ons, individual tower |egs may be considered as
capable of carrying the safe working |oad reconmended by the
manuf acturer without regard to the |load on adjacent | egs.

If the shoring system consists of two or nore units stacked
one above the other, either with or without an extension unit,
the differential leg loading within a given tower unit should
not exceed the following limtation

Maxi mum | oad on any Maxi mum to m ni mum
leg in the tower unit |l oad ratio

10 kips or less 10 to 1

11 kips to 50 kips 6 to 1

51 kips to 75 Kkips 5to1l

76 Kkips or nore 4 to 1l

In any case where the actual |oading condition during any
construction stage will produce a differential leg loading in
excess of the ratio shown, the contractor nust furnish docunen-
tation that the actual |oads are in accordance with the shor-
ing manufacturer's recomendations. The docunentation mnust be
in the formof a witten a statenent by the nmanufacturer
covering the specific installation, and nust expressly provide

that the towers will withstand the actual |oading differentia
wi t hout overstressing any tower conponent or reducing the
required safety factor. In the absence of such supporting
docunentation, the falsewrk drawings will not be approved

Steel beans used as continuous caps over two or nore tower
units require a conplete stress analysis to determne the
effect of continuity on tower leg loads. In many cases, and
particularly where large skews are involved, the fal sework
stringers will not be supported directly over a tower |eg;
consequently, both positive and negative bending nonments wll
occur in the cap. Resulting nonent shear nust be added to or
subtracted from the sinple beam reaction to obtain the actua
leg load, and this may produce-a significant |load differ-
ential. Also, do not overlook the effect of differential I|eg
| oads, and the resulting differential settlenent, on actua

unit stresses in the cap itself.
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The use of "double legs" in which lateral support of the
supplenental leg is provided by the main tower leg rather than
i ndependent bracing will be permitted with no reduction in
tower |oad-carrying capacity, provided the proposed double-Ieg
configuration is shown in the manufacturer's catalog or tech-
nical data furnished by the contractor. However, the use of
“"triple legs" will not be approved unless the contractor
furnishes a statenent from the manufacturer covering the
specific installation. The statement mnust expressly provide
that the use of supplenental legs will not overstress any
tower component, nor reduce the required safety factor.

In any case where the maxinmum leg load within a given tower

exceeds 30 kips, the specifications require the tower founda-
tion to be designed and constructed to provide uniform settle-
ment under all legs of the tower under all |oading conditions.
This requirenent is included in the specifications to prevent
distortion of the tower conponents as a consequence of unequal

|l eg settlenent.

The nethod of foundation support nust be shown on the false-
work drawings in sufficient detail to permt a stress
analysis. Wien reviewing the foundation design, keep in mnd
that tinber pads or cribbing, while generally adequate for
conventional falsework construction, may not ensure uniform
settl ement under the heavier |oads carried by heavy-duty
shoring systens. Wen asked, tower manufacturers wll gen-
erally recommend concrete to ensure an unyielding foundation.
Under adverse foundation conditions, CIDH piles may provide
t he nost econom cal solution.

The effect of wunequal |eg settlement becones increasingly
severe as leg |oads increases, consequently, the tower
foundati on design, including the nmethod enployed to ensure
uniform settlenent, is relatively nore inportant when |eg

| oads are high.

In the case of high falsework, differential |eg shortening may
be an important consideration and should be investigated.

Note that differential leg shortening (which wll occur under
a differential leg load condition) has the sane effect on a
continuous cap as differential leg settlement, and will result

in a further distribution of vertical forces.

The adverse effect of l|lateral novenment at the top of a tower
(sidesway) on total |oad-carrying capacity is not subject to
preci se analysis, as the calculations involved are highly
indetermnate. In theory, both the PAFCO and WACO 100-Kkip
shoring systens in use today can tolerate sone sidesway Wwith-
out overstressing the tower conponents; however, the anount of
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accept abl e novenent depends on total tower |oad, tower height
and other variable factors so that limting val ues becone
difficult to establish.

In view of this, it is Division of Structures policy to
requi re heavy-duty shoring to be cable-guyed or otherw se
externally supported at the top unless the towers are stable
agai nst overturning as defined in Section 5-1. A, Calculation
of Resisting Mnents. Division policy further provides that
fal sework towers which are stable against overturning, or
which are externally braced or cable-guyed to prevent over-

turning, will be considered as stable against internal

collapse as well. This approach, while not academcally

exact, is conservative and will greatly facilitate analysis.
The total resisting nonment of a falsework bent conposed of two
or nore towers having a common or continuous cap will be
assunmed as equal to the sum of the resisting nmonents of the

i ndividual towers. In such cases the cap will be considered

as capable of distributing horizontal forces- equally between
towers, but not capable of-applying nonent to a tower.

In a nultiple-tower bent where a continuous cap is not used,
each tower nust be independently braced to resist the

hori zontal |oad applied to that tower because the supported
fal sework above the towers is not capable of transferring
hori zontal forces.

When investigating the stability of a multiple-tower bent, any
advant age gained from the theoretical transfer of the point of
application of the vertical forces as the towers start to tip

wi |l be negl ected.

When designing external bracing, including cable bracing,

articular attention nmust be given to the nethod by which the
racing is connected to the falsework. Connections nust be

designed to transfer horizontal and vertical forces from the
falsework to the bracing system w thout overstressing any
tower conponent.

The inportance of adequate external bracing, when externa
bracing is required to ensure the stability of a fal sework
tower, cannot be over-enphasized. The bracing system
including all construction details, must be shown on the
fal sework draw ngs, and should be reviewed for conpliance
with contract requirenents in the same nanner as all other
conponents of the fal sework system
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